In cardiac mitochondria, the velocity of Ca2+ influx is directly proportional to the inner membrane potential, with a value of 80pmol of Ca2+.mg of protein-l-s-l.mV-l at 37OC (M. Crompton, unpublished work) . One may therefore calculate a single channel flux of at least 27s-'.mV-'. At a membrane potential of 15&200mV, which is assumed to be physiological (Mitchell & Moyle, 1969; Nicholls, 1974) , the flux becomes
4000-5000s-'.
When, specifically, Na+ is excluded from the medium (for reasons stated below), the transport reaction approaches equilibrium and, under these conditions, the gradient in electrochemical potential of Ca*+ across the inner membrane becomes zero within experimental error over a wide range of values of the membrane potential (Crompton & Heid, 1978) . It seems, therefore, that the carrier is a uniporter, which catalyses the movement of Cal+ down its gradient of electrochemical The magnitude of the membrane potential ensures that the uniporter functions irreversibly, and net eftlux of Ca2+ from cardiac mitochondria is catalysed by a second Ca2+ carrier, which extrudes Caz+ in exchange for Na+ ( An antiporter provides the simplest model to account for Na+-induced efRux of Ca2+. Moreover, it allows the electrochemical gradient of Na+ across the inner membrane to be used for the necessary extrusion of Ca2+ against its gradient of electrochemical potential. Nevertheless, other possible interpretations have been critically examined. (i) Addition of Na+ decreases the membrane potential, and intramitochondrial Ca2+ consequently leaks out. In fact, Na+ does not decrease the membrane potential (Nicholls, 1978) and, if the membrane potential is decreased (with uncoupling agents), the Na+-induced emux of Ca2+ is inhibited (Crompton et al., 1976, 1977) . (ii) Na+ simply displaces membrane-bound Ca+. However, lanthanides would be predicted to contribute to such a phenomenon, whereas they inhibit it (Crompton et al., 1979a) . (iii) Na+ activates Ca2+ eftlux without its being transported. This objection is not easy to investigate, since Na+ that enters would exit in exchange for H+ via the Na+/H+ antiporter (Crompton & Heid, 1978) . Nevertheless, mere activation of the carrier by Na+ is unlikely, since the carrier also catalyses a 1 : 1 exchange between intramitochondrial and extramitochondrial C a2+ in the absence of Na+, and the Ca2+-Ca2+ exchange is inhibited by Na+ (Crompton et al., 1977) .
In mitochondria from heart and other tissues that contain the Na+/Ca2+ antiporter (skeletal muscle, brain, salivary gland, , 1979) , the fluxes of Ca2+, Na+ and H+ may be integrated into a cycle (Fig. l ) , for which evidence has been published (Crompton el al., 1976; Crompton & Heid, 1978; Nicholls & Scott, 1980) . In cardiac muscle the cycle would never reach steady state, as it does in vitro, since the [Caz+] in the cytosol oscillates, and these oscillations will be transmitted, although severely damped, via the cycle into a ripple of intramitochondrial [Ca2+l, the mean value of which may change according to the physiological state. Since the uniport reaction is far from equilibrium, it is essentially unaffected by changes in intramitochondrial [Ca2+l. Therefore, fine control of the matrix free [Ca2+l requires that changes in this affect the activity of the Na+/Ca2+ antiporter. This condition is satisfied most simply if the matrix free [Ca2+l is insufficiently high to saturate the antiporter, so that its activity depends directly on the matrix free [Ca2+l. The K, value of the antiporter for Sr2+ ( 2 -4~~) suggests that this may be the case, when considered within the context of recent evidence for the regulation of certain dehydrogenases of the citric acid cycle by changes in the intramitochondrial free [Ca2+l over the range 0.l-lOp~ (Denton & McCormack, 1980) . Thus one function of the Na+/Ca2+ cycle may be to control the matrix free [Ca2+l in accordance with the regulatory requirements of the dehydrogenases.
